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Abstract
This work explores inflorescence development patterns in Eugenia (Myrtaceae), one of the largest genera of woody plants 
with over 1200 species. The central hypothesis is that all variation in inflorescence arrangements in Eugenia is homologous. 
This is addressed as specific aims: (i) to identify the main inflorescence developmental patterns, (ii) to test the homology of 
inflorescence architectures using a time-calibrated phylogeny, and (iii) to assess and update traditional terminology. 
Taxonomically representative samples of Eugenia inflorescences were analysed to provide an evolutionary and 
comparative framework. Comparative ontogenetic analysis incorporated 24 taxa, while mature material analysis 
encompassed 66 species included in a dated phylogeny. Racemose branching is the ancestral condition of Eugenia. 
Seven development inflorescence patterns were recognized and combined into five patterns (auxotelic + auxotelic 
cataphylls, fasciculiform + glomeruliform, umbelliform, racemiform, and thyrsoid) to focus on evolutionary traits. The 
auxotelic pattern is the ancestral condition of Eugenia recovered in the early nodes and in the backbone with the highest 
probabilities of the reconstructed phylogeny, whereas auxotelic and fasciculiform were the most recurrent patterns in 
Eugenia sect. Umbellatae. The relative length and number of main axes that arise from an axil are shown to be 
systematically relevant, while racemiform pattern is exclusive to Eugenia sect. Racemosae. Flexible inflorescence 
arrangements found in Eugenia reflect a continuous spectrum of morphologies derived from a common ancestral 
scaffold. The combination of intense floral display in the fasciculiform pattern and flexibility may represent a key 
innovation in E. sect. Umbellatae. This work highlights the evolutionary significance of inflorescences and improves 
existing terminology.
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Introduction
Improved understanding of phylogenetic relationships among 
flowering plants has stimulated interest in comparative morpho
logical and developmental analyses of inflorescences, defined as 
the arrangement of flowers along the reproductive axis of 

angiosperms (Stebbins 1973, Bull-Hereñu and Claßen-Bockhoff 
2011, Kirchoff and Claßen-Bockhoff 2013). This has led to renewed 
interpretations of the functional and evolutionary significance of 
inflorescence architecture (Benlloch et al. 2007, Prenner et al. 
2009, Castel et al. 2010, Claßen-Bockhoff and Bull-Hereñu 2013). 
Inflorescence architecture is highly flexible in many angiosperm 
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groups (Tooke et al. 2005, Harder and Prusinkiewicz 2013), gener
ating numerous forms that have traditionally been classified based 
on mature structures (e.g. Rickett 1944, Weberling 1988, Troll and 
Weberling 1989). However, environmental and genetic constraints 
shaping these architectures remain poorly explored (Prusinkiewicz 
et al. 2007, Kirchoff and Claßen-Bockhoff 2013) or how widely vari
able and flexible mature arrangements may reflect external stimuli 
rather than evolutionary relationship, contributing to terminologic
al inconsistencies and ongoing confusion and constant need 
for definitions for exceptional arrangements in inflorescence 
classification.

Inflorescence architecture is highly variable in Myrtaceae, a 
large angiosperm family of ca. 6000 species distributed in the 
Paleotropics and Neotropics (Berg 1857, POWO 2025). Briggs 
and Johnson (1979) produced a seminal study of Myrtaceae in
florescences based on mature architectures, integrating morph
ology and phylogeny across several genera. However, their 
emphasis on mature arrangements resulted in an incomplete 
framework and in a daunting terminology. A more comprehen
sive approach incorporating character reconstruction is needed 
to clarify evolutionary relationships and homologies, particu
larly in Myrteae, where parallel evolution is documented 
(Giaretta et al. 2019b, Vasconcelos et al. 2019) and the risk of 
misinterpretation as a consequence of homoplasy (Wake et al. 
2011) is high. In this sense, assessment of homologies at lower 
ranks is assumed to be more accurate and less prone to 
misinterpretations.

About half of Myrtaceae diversity occurs in the monophyletic 
tribe Myrteae (ca. 2700 species, mostly Neotropical; Lucas et al. 
2019), which exhibits marked flexibility in inflorescence morph
ology (see Weberling 1988). Nevertheless, a general model for 
Neotropical species has been proposed based on qualitative ana
lyses (see McVaugh 1956, 1968). Following the terminology of 
Hallé (2001) and Chomicki et al. (2017), Neotropical Myrteae 
show axillary, sympodial modular growth as seasonal shoot pro
duction, in which successive growth units arise from axillary mer
istems as previous modules become determinate often by 
bearing inflorescences or ceasing extension growth. Growth is 
typically orthotropic, with opposite, decussate leaves, and 
some species develop protective cataphyll involucres associated 
with growth units (Landrum and Kawasaki 1997, Wilson 2011, 
Lucas et al. 2018).

Traditional classifications of Myrtaceae inflorescences rely on 
the detailed and evolutionary framework of Briggs and Johnson 
(1979), later simplified for Myrteae by Landrum and Kawasaki 
(1997). Subsequently, studies have applied diverse and non- 
standardized terminologies, often to identical structures (see 
Kubo et al. 2025 for a review of concepts and terminologies 
used for Myrteae inflorescence). To avoid redundancy and sim
plify terminology, this study adopts a descriptive approach ra
ther than a single classificatory scheme, based on three 
common growth processes: branching, elongation, and reiter
ation. Branching is either racemose or cymose (Endress 2010), 
elongation relates to axis extension for spatial display, and reiter
ation involves repetition of total or partial architectural units 
(Barthélémy 1991). Common inflorescence patterns in Myrteae 
and Eugenia are briefly described following previous studies 
(e.g. McVaugh 1956, 1968, Briggs and Johnson 1979, Weberling 
1988, Barroso et al. 1991, Landrum and Kawasaki 1997) and sum
marized in Supplementary Table S1.

All these inflorescence architectures, except the panicle, can 
be found in Eugenia (Fig. 1), a genus with more than 1200 spe
cies (Mazine et al. 2018, POWO 2025) within subtribe Eugeniinae 
(Lucas et al. 2019). Variation in Eugenia inflorescence architec
tures is one of the highest in the family, making the genus a 
highly appropriate model for homology and evolutionary as
sessment. An obstacle to studying Eugenia inflorescences, how
ever, are high levels of terminological inflation that hamper 
accuracy and result in the application of different terms to ar
rangements that repeat in different ways and at variable levels 
of hierarchy (Kubo et al. 2025, see umbelliform and racemiform 
in Villarroel et al. 2016 and Giaretta and Sano 2019, respectively; 
compound dichasia and flowered cyme in Faria and Fernandes 
2020 and Snow et al. 2012, see panicle of racemes in Mazine and 
Souza 2010). In this context, focus on the development of repro
ductive structures in Eugenia is highly desirable to better categor
ize the array of inflorescence phenotypes in the genus and to 
contribute to a broader understanding of inflorescence diversity 
within tribe Myrteae. This is addressed as three specific aims: (i) 
to identify the main developmental patterns in Eugenia and allied 
genera, (ii) to assess seemingly homologous structures in light of 
current evolutionary understanding through assessment of ances
tral character reconstructions, and (iii) to review traditional ter
minology of inflorescences in Eugenia and update where 
appropriate.

Materials and methods
The survey included all 11 infrageneric groups of Eugenia (for the 
number of species assigned to each section of Eugenia, see 
Mazine et al. 2016, 2018), i.e. Eugenia sects. Pseudeugenia (3 spe
cies surveyed/14% of the total number of species in the section), 
Hexachlamys (2/20%), Eugenia (3/10%), Pilothecium (3/14%), 
Jossinia (3/1.5%), Racemosae (4/7%), Phyllocalyx (3/19%), 
Excelsae (3/60%), Schizocalomyrtus (6/60%), Speciosae (3/50%), 
and Umbellatae (28/4%). This sampling comprised a wide range 
of inflorescence morphological variation and provides a repre
sentative taxonomic and morphological framework for the 
downstream analyses.

Survey of inflorescence development 
patterns
The survey encompassed two activities focused on different 
reproductive phases of a species. First, a general survey of inflor
escence development based on material at different develop
mental stages, including both herbarium specimens and freshly 
collected samples preserved in 70% ethanol, was undertaken 
to recognize common patterns and those specific to the sections 
of Eugenia. Then, a broader survey of mature inflorescences was 
undertaken to better appreciate the flexibility of arrangements 
and to provide greater evolutionary and comparative perspective 
on the genus. Descriptions of developmental stages and mature 
structures run from base to apex. Additionally, panicle is considered 
as a comparative reference to the outgroup Myrcia tomentosa and is 
not treated as a developmental pattern within Eugenia. Therefore, 
panicle is not illustrated or analysed in detail together with the oth
er patterns.
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Comparative ontogenetic analysis
Inflorescence material collected in different development stages 
was examined from the spirit collection (70% alcohol) at the 
Royal Botanic Gardens, Kew. In total, 33 samples of 24 taxa 
were selected for comparative ontogenetic analysis using scan
ning electron microscopy (SEM) to assess morphological patterns 
observed in the mature material (Table 1). A developmental pat
tern was assigned to each section of Eugenia (sensu Mazine et al. 
2018) when a given pattern was found to be fixed in two or more 
species (where available) in that section. For comparative pur
poses, the following relevant traits were recorded: meristem pos
ition (e.g. axillary or apical), developmental sequence (e.g. from 
main axis to lateral branching), degree of extension (e.g. relative 

length of successive internodes in an axis), apical growth (e.g. 
continued or latent) and accessory flowering axes (e.g. flowering 
axes sharing an axil in delayed or equivalent development 
stages). Accessory units are the result of more than one axillary 
meristem at a single leaf axil (Barthélémy and Caraglio 2007) 
that can produce flowers or flowering axes in different develop
ment stages (see Figs 1b and 4d).

Comparative analysis of mature morphology
The mature inflorescence of a total of 333 samples from 66 taxa 
was surveyed. The 66 analysed taxa correspond to those included 
in the phylogenetic reconstruction. A minimum of five specimens 
of each species were further examined using a stereomicroscope 
of the mature inflorescence (Supplementary Table S2). Specimens 

Figure 1 Inflorescences of Eugenia and Myrtus: (a, b) axillary flowers in Myrtus communis with flower reiteration shown by arrowheads; (c) auxotelic 
inflorescence with cataphylls in Eugenia neosilvestris; (d) auxotelic inflorescence in Eugenia acutata; (e) fasciculiform inflorescences axes shown by 
arrowheads in Eugenia astringens; (f) glomeruliform inflorescence in Eugenia neograndifolia; (g) thyrsoid inflorescence with a dichasial arrangement 
shown by an arrowhead in Eugenia guanabarina; (h) racemiform inflorescence in Eugenia biflora. Photographs taken by A.G. (a, b, c, e, f, g) and T.N.C.V. 
(d, h).
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from the Kew herbarium (K), with complementary material from 
MBM, RB, SPF, and CAY herbaria (acronyms according to Thiers 
2025) were examined and development patterns were noted, re
cording the most common arrangement for each phylogenetic 
tip. Brief descriptions linking ultimate architectures to their re
spective development patterns were also made to allow recogni
tion of patterns from mature material.

Terminology
A seasonal shoot system (henceforward SSS) is here used to refer to 
a shoot or a network of shoots produced in a single growing season 
that emerged from a shoot of a previous growing season (SPS), sup
porting vegetative meristems at terminal and axillary positions. 
These terms correspond to the SSS of Claßen-Bockhoff and 
Bull-Hereñu (2013) and seasonal growth unit of Briggs and 
Johnson (1979). Flowering shoot system (henceforward FSS) is 
adopted when an SSS arrives at a reproductive stage, i.e. flanked 
by flowers. Some vegetative meristems become reproductive, 
whereas others continue vegetative growth or cease. These terms 
(SSS, FSS and SPS) are helpful to refer to an assemblage of units 
in a flexible system. A brief guide to the terminology used to describe 
inflorescence patterns is provided (Fig. 2; also see Supplementary 
Table S1).

Developmental analysis
Reproductive and vegetative material was dehydrated in alcohol 
series and left overnight in 100% ethanol. Samples were critically 
point-dried in an Autosamdri-815B critical-point dryer (Tousimis 
Research, Rockville, Maryland, USA). Dried material was 
mounted onto aluminium stubs, coated with platinum using a 
Quorum Q-150-T sputter coater (Quorum Technologies, East 
Grinstead, UK) and examined in detail using Hitachi cold field 
emission SEM S-4700-II (Hitachi High Technologies, Tokyo, 
Japan). Different stages of development of the same species 
available from different collections were surveyed when neces
sary. A total of 1092 images were generated and analysed.

Traits reconstruction
The resulting maximum clade credibility (MCC) time-calibrated 
phylogeny was used to perform ancestral trait reconstruction. 
The function ‘make.simmap’ available in the package phytools 
v1.9-16 (Revell 2012) implemented in R (R Core Team 2025) was 
used to recover probabilities of ancestral character state of the no
des using a Bayesian stochastic character mapping analysis 
(Huelsenbeck et al. 2003). The inflorescences of the terminal taxa 
were coded first according to branching pattern (i.e. racemose, 
cymose, or paniculate), and then as one of seven development 
patterns (auxotelic, auxotelic cataphylls, fasciculiform, glomeruli
form, racemiform, thyrsoid, umbelliform) and panicle (see 
Supplementary Figure S1), or a combination of five patterns (i.e. 
auxotelic + auxotelic cataphylls, fasciculiform + glomeruliform, rac
emiform, thyrsoid, umbelliform) and panicle (see Fig. 2). The com
bined approach with five patterns and panicle was chosen to be 
presented here to focus on evolutionary traits rather than 
presumed ecological responses. The length of the flower 

pedicel varies from millimetres to a few centimetres long in the 
same species, while cataphylls that cover the primordium are 
assumed to be an adaptation to tolerance of drought or fire- 
prone environments (see ‘Discussion’ section for details). 
Development patterns analysed independently are available in 
Supplementary Figure S1. Character reconstruction models 
were selected from the default settings according to the 
best AIC weight through the function ‘fitMk’ of phytools and ana
lysis of variance; these are ‘symmetrical’ for the branching 
pattern data set and ‘equal rates’ for reconstruction of the 
inflorescence patterns (AIC and computed values are provided 
in Supplementary Table S3, but see Supplementary Table S4
for alternative values for character reconstruction of seven 
development patterns and panicle). Stochastic mapping 
was performed using 10 000 simulations on both analyses. 
Transition rate scores from the analyses were used to build a 
matrix comparing transition rates among inflorescence patterns 
as input for a heatmap produced using the package pheatmap 
v1.0.12.

Inference of time-calibrated phylogeny
The phylogenetic reconstruction of Eugenia used in this study 
was recovered using DNA sequences of the internal transcribed 
spacer (ITS: ITS1, 5.8S Gene, and ITS2) of the nuclear region 
(henceforward the ‘ITS dataset’) and four chloroplast regions 
(psbA-trnH, rpL16, rpL32-trnL, trnQ-5’rps16) (henceforward the 
‘cpDNA dataset’). These sequences were acquired from previous 
molecular studies (Bünger et al. 2016a, Vasconcelos et al. 2017, 
Mazine et al. 2018, Giaretta et al. 2019a, 2019b). The analysis 
sampled 66 species (Table 1) selected as representative of the 
principal Eugenia lineages maximizing morphological and geo
graphical diversity. Four taxa of tribe Myrteae were used as the 
outgroup to the phylogenetic reconstructions: two species of 
Myrcianthes, the sister genus to Eugenia, Myrtus communis and 
M. tomentosa (sensu Lucas et al. 2007).

Divergence times were estimated in BEAST v2.6.0 (Bouckaert 
et al. 2014) on XSEDE executed on the CIPRES portal (Miller 
et al. 2010). A monophyletic Eugeniinae (Lucas et al. 2019) was 
assumed and Birth–Death tree priors and an uncorrelated re
laxed molecular clock model (general time reservable model 
and empirical base pair frequencies) were implemented on 
both nuclear and chloroplast partitions. Divergence times esti
mated for Myrteae microfossils were used as secondary calibra
tion points following Vasconcelos et al. (2017) for the crown 
nodes of the Eugenia sect. Umbellatae (27.72 Mya) and 
Eugeniinae (29.29 Mya), implemented under normal priors and 
a standard deviation of 1.5. Four independent Markov Chain 
Monte Carlo runs, each of 50 million generations, were 
performed with a sampling frequency of 1000 trees. Outputs 
were examined using Tracer v1.7.1 (Drummond and Rambaut 
2007) to assess chain convergence through verification of the ef
fective sample size (ESS). Values of each parameter were consid
ered satisfactory when ESS > 200. Results were combined in 
LogCombiner and a MCC tree selecting median height nodes 
was built using TreeAnnotator (both distributed as part of the 
BEAST package), discarding a burn-in of 10%. The resulting 
MCC time-calibrated tree was used as the phylogenetic founda
tion for the following traits reconstruction analysis.

AoB Plants, 2026, Volume 18, Issue 5                                                                                                                                                                                                                              7

D
ow

nloaded from
 academ

ic.oup.com
/aobpla/article/18/5/plag037/8766878 by U

niversity of M
ichigan Business School Library user on 07 O

ctober 2026

http://academic.oup.com/aobpla/article-lookup/doi/10.1093/aobpla/plag037#supplementary-data
http://academic.oup.com/aobpla/article-lookup/doi/10.1093/aobpla/plag037#supplementary-data
http://academic.oup.com/aobpla/article-lookup/doi/10.1093/aobpla/plag037#supplementary-data
http://academic.oup.com/aobpla/article-lookup/doi/10.1093/aobpla/plag037#supplementary-data
http://academic.oup.com/aobpla/article-lookup/doi/10.1093/aobpla/plag037#supplementary-data
http://academic.oup.com/aobpla/article-lookup/doi/10.1093/aobpla/plag037#supplementary-data


Results
Main developmental patterns in the 
Eugeniinae inflorescence
The wide variety of arrangements in Eugenia rely on the flexibility 
of a few structures, i.e. (i) the extension and number of FSS aris
ing from the same axil and their ultimate appearance; (ii) the 
branching potential of the bracteoles axil; and (iii) the potential 

to recover vegetative meristem activity at the FSS apex. The sev
en developmental patterns for Eugenia are described in 
Supplementary Table S5 and summarized below. A summary of 
the seven development patterns is provided. The three-flowered 
dichasium is treated as a secondary development and is here in
cluded under the thyrsoid development pattern.

The development of the FSS in Eugenia exhibits several dis
tinct architectural patterns (Figs 3–5). In the auxotelic pattern 
(Fig. 3a–d), the main axis (first-order) bearing bracts subtending 

Figure 2 Inflorescence development pattern in Eugenia comparative flowering shoot systems (FSS) of described patterns at maturity.
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flowers arises from the axillary meristem of a previous season’s 
shoot (SPS), with lateral flowers (second order) developing 
acropetally from base to apex. The FSS initially may appear as 
a raceme with bracts, and the apical meristem remains active, 

maintaining vegetative growth that further extend. In the auxo
telic cataphylls pattern (Fig. 3e–i), the FSS bears densely ar
ranged cataphylls along short internodes; may appear as a 
raceme with bracts which distal flowers are subtended by leaves, 

Figure 3 Comparison of inflorescence development patterns in Eugenia. (a–d—dark-green box) Auxotelic pattern: (a–c) Development of the flowering 
axis in Eugenia bunchosiifolia; (d) scheme representing the auxotelic pattern. (e–i—light-green box) Auxotelic cataphylls: (e) initiation of the flowering axis 
covered by cataphylls in E. ligustrina; (f) cataphylls are removed to reveal the primordium; (g–h) flowering axis development; (i) scheme of the auxotelic 
cataphylls pattern. (j–n—purple box) Umbelliform pattern: (j) upper view of the flowering axis of E. sonderiana with three flowers removed; (k–m) 
development of the flowering axis; (n) scheme representing the umbelliform pattern. Ap, apex; F1 to F3 represent flower pairs emerging in 
developmental sequence; Cph, cataphylls; Col, colleters. Scale bars = 1 mm.
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and the apical meristem remains active that further extends. The 
umbelliform pattern (Fig. 3j–n) features a very short main axis 
subtended by a leaf and bearing 2–3 flowers (rarely 2–4 flowers) 
at tiny internodes, forming an umbel-like cluster with an inactive 
apical meristem. The racemiform pattern (Fig. 4a–f) shows a main 
axis subtended by a leaf whose first internode elongates before 
subsequent ones, supporting a compact group of second-order 
flowers; an accessory flowering axis with delayed development 
stage (in comparison to the main FSS) might be positioned be
tween the leaf petiole and the main axis. In the fasciculiform pat
tern (Fig. 4g–l), the FSS, subtended by an often deciduous leaf, 
varies in length, producing either tight clusters or looser arrange
ments of flowers; multiple axes at the same development stage 
may share an axil, each ending in a vegetative meristem that 
does not further develop vegetative tissue. The glomeruliform 
pattern (Fig. 4m–q) involves a slowly elongating main axis with 
inconspicuous pedicels and apical primordia that does not fur
ther develop vegetative tissue, where two or more flowering 
axes at the same stage may share an axil. Finally, in the thyrsoid 
pattern (Fig. 5a–f), the main axis with bracts bears acropetally ar
ranged lateral branches or flowers; each flower is subtended by 
paired bracteoles with further branching potential, forming a 
pyramidal structure that terminates in a sessile flower and a 
ceased vegetative meristem.

Phylogenetic relationship and ancestral 
reconstruction
The dated phylogeny recovered all 11 infrageneric groups to pro
vide a coherent framework for the reconstruction of the inflores
cence development patterns here described. The backbone of 
Eugenia has good support in the combined dataset, with ca. 
80% of the nodes with ≥0.95 posterior probability. Internal 
relationships are also strong, with c. 70% of the nodes with 
>0.95 PP. Divergence times of the stem and crown nodes of 
Eugenia were 29.6 Mya (27–32.2 Mya) and 26.6 Mya (23.3– 
29.8 Mya), respectively.

Transition rates of branching patterns depicted in the heat
map suggest that the inflorescence of Eugenia changed approxi
mately nine times between states on average with most 
transitions from racemose to cymose (6.3 times), while rever
sions (1.9) and transitions from cymose to panicle (1.0) are less 
prone to occur (Fig. 6a). Panicle exclusively found in the outgroup 
represented by M. tomentosa recorded low-rate transitions from 
or to the cymose pattern, while switches involving the racemose 
pattern do not occur. The five inflorescence patterns had 20.5 
transitions between states on average. Transitions from the aux
otelic to any other pattern are associated with an increase in the 
transition rates, especially to the fasciculiform and thyrsoid pat
terns that scored 6.1 and 4.4 transitions, respectively (Fig. 6b). 
In contrast, reversions to the auxotelic pattern are less inclined 
to occur, with scores ranging from 0.1 to 0.5 transitions on aver
age except for transitions to the fasciculiform pattern that scored 
3.1 transitions on average.

Character reconstruction of the branching patterns recovered a 
recurrent expression of the cymose pattern associated with line
ages originating at earlier diverging nodes. The racemose pattern 
was more frequently associated with lineages from later diverging 

nodes (Fig. 7). Reconstructions of the inflorescence patterns 
showed that the auxotelic pattern is more likely to be the ancestral 
condition of the node shared by Eugenia and Myrcianthes and the 
most probable ancestral condition at all nodes until the diversifi
cation within Eugenia sect. Umbellatae. Auxotelic and auxotelic 
cataphylls were scored as a single state in the character recon
struction (see Material and Methods—but see Supplementary 
Figure S1 for alternative reconstruction analysis with seven devel
opment patterns and panicle). The umbelliform pattern is found to 
be the most likely state at earlier diverging nodes of Eugenia sect. 
Umbellatae, represented here only by Eugenia sonderiana. 
Fasciculiform and glomeruliform patterns were also scored as a 
single state and appear to be a feature in the later evolutionary 
history of Eugenia. Those latter patterns are exclusive to Eugenia 
sect. Umbellatae, except for E. coffeifolia (assigned as glomeruli
form) that emerges in Eugenia sect. Excelsae. The racemiform pat
tern appears to have arisen only once and is exclusive to Eugenia 
sect. Racemosae. The thyrsoid pattern apparently evolved inde
pendently at least four times within Eugenia and is more common 
in lineages originating at earlier diverging nodes. The recon
structed ancestral node of the extra-neotropical lineage appears 
most likely to have been auxotelic.

Traits associated with clades were identified as relevant to 
diagnose subgroups within Eugenia sect. Umbellatae. The condi
tion where two or more flowering axes develop simultaneously, 
sharing an axil that never recovers vegetative growth, is consist
ently associated with the fasciculiform pattern recurrently emer
ging in clades C, E, and F (Fig. 8). Conversely, the condition of a 
single flowering axis that often recovers the vegetative growth 
is associated with the auxotelic pattern emerging in clades A, 
D, and G. The only exception was observed in clade B where 
the ancestral node state was assigned as the auxotelic pattern 
but where the inflorescence often expresses at least two flower
ing axes in a shared axil.

Discussion
Inflorescence architectures
Whether the inflorescence is determinate or indeterminate is not 
relevant to assign branching pattern according to Endress (2010). 
Instead, classification relies on hierarchical branching number, 
i.e. number of branching orders. The number of branching orders 
is limited to two in the racemose branching pattern, i.e. the main 
axis (first-order) is fixed, whereas the number of branching axes 
(second-order) corresponding to flowers is variable and unlimit
ed, except for compound racemes with repetition of a basic ar
rangement. In a cymose branching pattern, the number of 
branching orders is unlimited, i.e. the number of lateral branches 
is limited to two, but the number of orders is variable (Endress 
2010). These basic arrangements can repeat successively result
ing in more complex scaffoldings.

Plant architectural traits relative to 
inflorescence interpretation
Architecture is a consequence of how flower and inflorescence 
traits are arranged relative to each other, their relative position, 
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Figure 4 Comparison of inflorescence development patterns in Eugenia. (a–f—orange box) Racemiform pattern: (a–c) flowering axis (highlighted green) 
development before elongation of flower pedicels in Eugenia modesta; (d) delayed accessory flowering axis (highlighted purple) in E. biflora; (e) scheme 
representing the racemiform pattern; (f) scheme representing delayed accessory flowering axis. (g–l—yellow box) Fasciculiform pattern: (g–i) flowering 
axis development of E. protenta; (j) two flowering axes at the same development stage sharing an axil. (k) scheme representing the flexibility of the main 
axis length; (l) scheme showing two flowering axes at the same developmental stage sharing a common axil. (m–q—dark-blue box) Glomeruliform 
pattern: (m) lateral view of the flowering axis in E. belemitana; (n–p) flowering axis development from an upper view; (q) scheme showing the 
glomeruliform pattern. Ap, apex; F1 to F8 represent flower pairs emerging in developmental sequence; Col, colleters; Rt, flowering axis reiteration. Scale 
bars = 1 mm.
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and successive repetition. As a result, plants are modular organ
isms of multidimensional processes driven by endogenous 
growth and exogenous constraints that define their form and re
sulting architecture (Barthélémy and Caraglio 2007, Chomicki 
et al. 2017). Plant architectural traits must be understood before 
considering general inflorescence development.

Repetition of partial or whole architectural units from other
wise dormant meristems has been termed delayed reiteration 
(Chomicki et al. 2017) and is clearly implicated in the architec
tural expression of neotropical Eugenia and Myrteae. The auxo
telic pattern is here treated as a reiterated SSS with bracteose 
or foliose leaves but when subtending axillary flowers are pre
sented, it is treated as an FSS. Auxotelic reiterations produce 
more axils that give rise to axillary reproductive units, increase 
branching order in plant’s architecture, and ultimately contrib
ute to vegetative production allowing exploitation of space. 
Apical meristems can also differentiate into reproductive units 
and express inflorescence arrangements that reflect architecture 
nature of the plant. Meristematic buds are maintained at the 
apex of branches or inflorescence units termed indeterminate 
(Troll and Weberling 1989, Weberling 1990) or blastotelic 

(Briggs and Johnson 1979). Two types of indeterminate behav
iours are seen in the tribe, i.e. (i) a pattern that ceases growth 
at some stage, often early in the development, and (ii) a vegeta
tive meristem that ceases growth but later recovers the capacity 
to grow and gives rise to a shoot (late proliferation). Overall, in 
plants, apical dominance presumably moderates inflorescence 
branching (Harder and Prusinkiewicz 2013) and is related to 
the meristematic vigour with which vegetative tissue is produced 
(Claßen-Bockhoff and Bull-Hereñu 2013).

Phylogenetic implications of branching 
patterns
Racemose and cymose branching patterns are recognized as funda
mental inflorescence architectures (Endress 2010); both are found 
in Eugenia. The racemose branching pattern in Myrteae is here as
sumed to be the ancestral condition for Eugenia (Fig. 7). This is sup
ported by the high likelihood of the racemose pattern recovered as 
the ancestral states at the majority of nodes of the backbone (Fig. 7) 
and higher transition rates from racemose to cymose (Fig. 6). The 

Figure 5 Comparison of inflorescence development patterns in Eugenia. (a–e—light-blue box) Thyrsoid pattern: (a) apical meristem retaining activity, 
resulting in early elongation of the lateral branching in Eugenia guanabarina; (b) early development of the thyrsoid pattern; (c) apical meristem 
overtaken by a central flower, potentially resulting in absent or minimal branching elongation; (d) central flower premature in relation to the lateral 
ones; (e) scheme representing the thyrsoid pattern. (f) scheme representing a dichasial arrangement. Ap, apex; F1 represents flower pairs emerging in 
developmental sequence; LBr, lateral branching. Scale bars = 1 mm.
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cymose inflorescence is the standard pattern in Eugenia’s sister 
genus, Myrcianthes. The cymose pattern appears secondary in 
Eugenia, apparently derived from a primary racemose pattern. 
Vigour in branching potential from bracteole axil modulates a cym
ose arrangement. Therefore, cymose branching is always partial in 
Eugenia as it is a derivation of a racemose primary architecture. This 
is the case for Eugenia sect. Pilothecium and sect. Pseudeugenia that 
have a conserved racemose branching but with recurrent dichasial 
arrangements emerging from bracteole axils (see Faria 2014).

Homologous arrangements in light of 
current evolutionary understanding
Myrtus, sister to the Neotropical lineage, and Myrcianthes, sis
ter to Eugenia, express the auxotelic development pattern 
that are the most probable ancestral state at the earliest nodes 
of the Eugenia phylogeny originated around 27 Mya (Fig. 7) as 
well as indicating the highest transition rates to any other de
velopment pattern (Fig. 6). Thus, it is hypothesized here that 
the ancestral inflorescence arrangement of Eugenia is similar 
to the auxotelic pattern, hereafter referred to as the hypothet
ical auxotelic ancestral (HAA) pattern. This suggests that flex
ible arrangements found in Eugenia are a result of plastic 
phenotypes of the basic HAA arrangement, and also, that 

evolutionary transitions between development patterns be
long to a spectrum of continuities rather than being purely ho
moplastic conditions. The concept of the HAA supports the 
view of McVaugh (1956), who suggested that the inflorescence 
architectures of Myrtaceae are derived from a single basic 
arrangement.

The conservative occurrence of the auxotelic arrangement 
across multiple lineages (see Auxotelic pattern in Fig. 7) may be 
related to the efficiency of this architecture, allowing synchron
ized phenophases and ultimately saving energy, supporting 
both photosynthetic leaves and reproductive units. In contrast, 
species with a fasciculiform pattern, which is widespread in 
E. sect. Umbellatae, bear flowers emerging from axils along 
the branches as a strategy to increase floral display. As a 
consequence, meristems are committed to reproduction. 
Inflorescences that retain meristems capable of later recovering 
vegetative growth in an auxotelic fashion are therefore favoured 
(Fig. 7). The auxotelic arrangement is indeterminate, as all other 
patterns in Eugenia except the thyrsoid (see ‘Capacity to recover 
vegetative growth’ in Table 2). However, there is a tendency in 
Eugenia for inflorescences to be functionally determinate: umbel
liform, racemiform, and fasciculiform patterns often show growth 
that is repeatedly terminated by a vegetative bud. Determinate 
inflorescences are associated with more synchronous flowering 
over short periods, which can optimize pollination under 

Figure 6 Heatmap of transition rates between inflorescence patterns in Eugenia. (a) Shows transition rates of inflorescence patterns according to their 
branching patterns; (b) displays transitions among the five inflorescence patterns and panicle indicated. The heatmap is read from left to right, with 
each cell representing the mean number of transitions from the pattern in the row to the pattern in the column across 10 000 stochastic maps; for 
example, transitions from auxotelic to fasciculiform were estimated to occur 6.18 times on average, whereas reversals from fasciculiform to auxotelic 
occurred 3.17 times.
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favourable conditions (Stebbins 1973, Shao et al. 2026), in agree
ment with the mass flowering of Neotropical Myrtaceae typically 
in spring and early summer (Proença and Gibbs 1994). A biogeo
graphic assessment of inflorescence types showed that lineages 
with determinate inflorescences are concentrated in tropical en
vironments and exhibit significantly higher speciation rates than 

lineages with indeterminate inflorescences (Wang et al. 2025). 
Functionally determinate inflorescences arose several times in 
Eugenia but significantly thrived around 19 Mya in the clade in
cluding E. sects. Racemosae and Jossinia, and around 16 Mya in 
E. sect. Umbellatae (Fig. 7). The fasciculiform inflorescence that 
recovers its vegetative growth is widespread in E. sect. 

Figure 7 Time-calibrated phylogeny of Eugenia with ancestral nodes of inflorescence development patterns inferred from 10 000 stochastic character 
maps. Ancestral branching pattern probabilities are shown as pie charts at nodes on the left-hand tree; note that branching in Eugenia is primarily 
racemose, and lineages expressing secondary cymose architecture are scored accordingly. Ancestral inflorescence pattern probabilities are shown as 
pie charts at nodes on the right-hand tree. Coloured rectangles at the tips indicate the observed development patterns for each species, whereas 
coloured circles indicate the states coded in ancestral character reconstruction analysis. Auxotelic cataphylls and glomeruliform were distinguished only 
at the tip level to code the observed variation (rectangles) but were pooled with auxotelic and fasciculiform patterns, respectively, for the reconstruction 
analyses to focus on broader evolutionary patterns rather than fine-scale ecological responses.
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Umbellatae, which harbours half of the genus diversity and has 
the broadest distribution, including long-distance dispersal to 
the Caribbean (Mazine et al. 2018, Flickinger et al. 2020). This 
combination of intense flower display observed in the fasciculi
form pattern and vegetative flexibility may represent a key innov
ation that has enabled E. sect. Umbellatae adapt to contrasting 
climatic conditions and generate species diversity.

Homologous transitions among 
inflorescence patterns and ecological 
significance
The developmental sequence of auxotelic cataphylls is essential
ly auxotelic except for a basal zone of condensed cataphylls that 

cover the primordium. The protected bud is an adaptation to tol
erance of fire-prone environments (Charles-Dominique et al. 
2015). Lineages expressing the auxotelic cataphylls pattern first 
originated around 25 Mya, coinciding with the origin of endemic 
lineages associated with the Brazilian savanna Cerrado from the 
late Miocene onward (Simon et al. 2009). The ancestral habitat of 
Eugenia has been suggested to be in forests associated with drier 
biomes (Mazine et al. 2018), where many species with the auxo
telic cataphylls pattern currently occur. Lineages from early di
verging nodes in Eugenia and in other genera, as well as 
Eugenia excelsa and E. pistaciifolia, occur in warmer, more 
drought-prone environments (see Souza et al. 2008, Faria 2014, 
Stadnik et al. 2018). This suggests that cataphylls may be related 
to protection against dehydration or fire.

Results suggest that lineages with a fasciculiform pattern first 
originated around 16 Mya in a clade shared with sects. 
Schizocalomyrtus and Excelsae, and independently in E. sect. 
Umbellatae (Fig. 7). Apparent reversions from the fasciculiform to 
the auxotelic pattern were recorded in Eugenia sect. Umbellatae 
and in other sections of Eugenia (e.g. sect. Hexachlamys, see E. han
droi) with relevant transition rates (Fig. 6). Flowering axis length re
duction is common in E. sect. Umbellatae. However, the apical 
meristem eventually recovers its vegetative activity in some spe
cies and develops into a shoot. This condition is recurrent in 
some species, consistent with their clades (Fig. 8, see nodes A, D, 
and G) and is scored as auxotelic rather than fasciculiform. Shifts 
in the main axis length and expression of the auxotelic pattern 
may influence the floral display and enhance space exploitation. 
The inflorescence architecture was demonstrated to influence 
the pollinator behaviour (Harder et al. 2004, Ishii et al. 2008), while 
fruit position through the inflorescence has an impact on its size 
(Wyatt 1982, Torices and Méndez 2010).

The umbelliform pattern in Eugenia was recorded only once, 
represented by E. sonderiana. The arrangement of the subtending 
leaf simultaneously shared with the flowering axis and a flower is 
unique in Eugenia and has not been noticed before as far as we 
know. Although this arrangement makes the umbelliform pattern 
easily distinguishable, suppression of structures in developmental 
sequence decreases the accuracy of the architectural inference 
(Prenner et al. 2009). Despite this, the flowering axis of the umbelli
form pattern is here treated as homologous to the main axis of the 
HAA. This is inferred by the slightly advanced developmental stage 
of the F1 flower pair in contrast to F2, reinforced by the consistent 
decussate developmental arrangement observed and no reiter
ation recorded (Fig. 3j and m). Availability of space has an import
ant role in the development of Eugenia (Vasconcelos et al. 2018) 
and is highlighted as the main driver of the recurrent three- 
flowered arrangement observed in the umbelliform pattern. This 
hypothesis is supported by the occasional four-flowered arrange
ment expressed at the terminal node of E. sonderiana, presumably 
in response to greater available spatial resource. Suppression of 
the bract that subtends F2 is seemingly a consequence of the spa
tial constraint resulting from the very short main axis.

Developmental sequence and final arrangement provide a con
sistent framework to distinguish the racemiform pattern. The flow
er of the HAA is interpreted as homologous to the flowering axis in 
the racemiform pattern. This means that the FSS of a racemiform 
inflorescence (see Fig. 2) corresponds to the axillary flowering axis 
subtended by leaves from the shoot of the current season. This 
view is supported by the apex of the FSS that never recovers its 

Figure 8 Phylogenetic tree summarizing Eugenia with a focus on Eugenia 
sect. Umbellatae. Lettered clades correspond to discussion in the text. 
★Signifies species that fit the glomeruliform pattern.

AoB Plants, 2026, Volume 18, Issue 5                                                                                                                                                                                                                            15

D
ow

nloaded from
 academ

ic.oup.com
/aobpla/article/18/5/plag037/8766878 by U

niversity of M
ichigan Business School Library user on 07 O

ctober 2026



Ta
bl

e 
2 

Co
m

pa
ra

tiv
e 

tr
ai

ts
 o

f i
nfl

or
es

ce
nc

e 
de

ve
lo

pm
en

t p
at

te
rn

s.

Pr
op

os
ed

 te
rm

in
ol

og
y

Au
xo

te
lic

Um
be

lli
fo

rm
Ra

ce
m

e
Fa

sc
ic

ul
ifo

rm
Th

yr
so

id

De
ve

lo
pm

en
t p

at
te

rn
s

Au
xo

te
lic

Au
xo

te
lic

 
ca

ta
ph

yl
ls

U
m

be
lli

fo
rm

Ra
ce

m
ifo

rm
Fa

sc
ic

ul
ifo

rm
Gl

om
er

ul
ifo

rm
Th

yr
so

id

Br
an

ch
in

g 
pa

tt
er

n
Ra

ce
m

os
e

Ra
ce

m
os

e
Ra

ce
m

os
e

Ra
ce

m
os

e
Ra

ce
m

os
e

ra
ce

m
os

e
Ra

ce
m

os
e 

an
d 

cy
m

os
e

Su
bt

en
di

ng
 s

tr
uc

tu
re

 o
f t

he
 

flo
w

er
Fo

lio
se

Fo
lio

se
O

ne
 fo

lio
se

 (s
ha

re
d 

w
ith

 th
e 

m
ai

n 
ax

is
) a

nd
 o

th
er

s 
br

ac
te

os
e

Br
ac

te
os

e
Br

ac
te

os
e

Br
ac

te
os

e
Br

ac
te

os
e

Ca
ta

ph
yl

ls
 d

en
se

ly
 

ar
ra

ng
ed

Ab
se

nt
Pr

es
en

t
Ab

se
nt

Ab
se

nt
Ab

se
nt

Ab
se

nt
Ab

se
nt

Pe
rs

is
te

nc
e 

of
 th

e 
m

ai
n 

ax
is

 
br

ac
t/

le
af

Pe
rs

is
te

nt
Pe

rs
is

te
nt

Pe
rs

is
te

nt
Pe

rs
is

te
nt

U
su

al
ly

 d
ec

id
uo

us
U

su
al

ly
 d

ec
id

uo
us

Pe
rs

is
te

nt

M
ai

n-
ax

is
 re

la
tiv

e 
le

ng
th

Lo
ng

Lo
ng

Ve
ry

 s
ho

rt
M

od
er

at
e

Sh
or

t o
r m

od
er

at
e

Sh
or

t
Lo

ng
Fr

eq
ue

nc
y 

of
 d

ic
ha

si
al

 
ar

ra
ng

em
en

t e
xp

re
ss

io
n

Lo
w

M
od

er
at

e
N

ot
 o

bs
er

ve
d

Ve
ry

 lo
w

Lo
w

N
ot

 o
bs

er
ve

d
H

ig
h

M
ai

n-
ax

is
 in

te
rn

od
es

 
ex

te
ns

io
n

H
om

og
en

eo
us

H
et

er
og

en
eo

us
H

om
og

en
eo

us
H

et
er

og
en

eo
us

H
om

og
en

eo
us

H
om

og
en

eo
us

H
om

og
en

eo
us

Pe
di

ce
l e

xt
en

si
on

 in
 th

e 
flo

w
er

 d
ev

el
op

m
en

t
Ea

rly
Ea

rly
Ea

rly
La

te
Ea

rly
In

co
ns

pi
cu

ou
s

Ea
rly

Ca
pa

ci
ty

 to
 re

co
ve

r 
ve

ge
ta

tiv
e 

gr
ow

th
Pr

es
en

t
Pr

es
en

t
Ce

as
ed

 b
y 

ve
ge

ta
tiv

e 
a 

bu
d

Ce
as

ed
 b

y 
ve

ge
ta

tiv
e 

a 
bu

d
Ce

as
ed

 b
y 

ve
ge

ta
tiv

e 
a 

bu
d

Ce
as

ed
 b

y 
ve

ge
ta

tiv
e 

a 
bu

d
Ce

as
ed

 b
y 

a 
flo

w
er

N
um

be
r o

f m
ai

n 
ax

es
 

sh
ar

in
g 

an
 a

xi
l a

nd
 re

la
tiv

e 
po

si
tio

n

O
ne

O
ne

O
ne

Tw
o 

(r
ar

el
y 

th
re

e)
 

al
ig

ne
d

U
p 

to
 th

re
e 

in
 

ar
bi

tr
ar

y 
po

si
tio

n
U

p 
to

 th
re

e 
in

 
ar

bi
tr

ar
y 

po
si

tio
n

O
ne

Re
ite

ra
te

d 
flo

w
er

in
g 

ax
is

N
ot

 o
bs

er
ve

d
N

ot
 o

bs
er

ve
d

N
ot

 o
bs

er
ve

d
De

la
ye

d
At

 th
e 

sa
m

e 
de

ve
lo

pm
en

t s
ta

ge
At

 th
e 

sa
m

e 
de

ve
lo

pm
en

t s
ta

ge
N

ot
 o

bs
er

ve
d

16                                                                                                                                                                                                                             AoB Plants, 2026, Volume 18, Issue 5

D
ow

nloaded from
 academ

ic.oup.com
/aobpla/article/18/5/plag037/8766878 by U

niversity of M
ichigan Business School Library user on 07 O

ctober 2026



potential for growth. In addition, a delayed accessory flowering 
axis found in the racemiform pattern is a similar condition found 
in M. communis, where instead of a flowering axis, a delayed ac
cessory flower positioned between the leaf and the main flower 
is recurrent. This is here considered as a plesiomorphic mechan
ism to increase flower availability to pollinators and is presumably 
distinctive to the superimposed arrangement found in 
Myrceugenia, where a sequential row of accessory units in differ
ent development stages is expressed in a single leaf axil (e.g. 
Landrum and Kawasaki 1997).

Fasciculiform and glomeruliform inflorescences have identical 
developmental patterns, except for the absence of a pedicel in 
the latter arrangement which is likely related to stochastic factors 
(see further discussion in the topic "Assessement of traditional ter
minology"). As a result, we here treat both patterns as fasciculi
form. The flower of the HAA is interpreted as homologous to the 
flower of the fasciculiform pattern. Therefore, the FSS of the fasci
culiform pattern (Fig. 2) is homologous to the flowering axis of the 
HAA. This is supported by a main axis of the fasciculiform inflores
cence subtended by a bracteose or foliose structure of variable 
length ranging from millimetres to a few centimetres long ob
served even in the same species (see Eugenia itaunensis Giaretta 
& Peixoto, Giaretta et al. 2018). Alternatively, a fasciculiform struc
ture retains unique features such as a vegetative meristem at the 
apex that has ceased growth, therefore, unable to recover vegeta
tive development. The most remarkable feature of the fasciculi
form pattern is the capacity for two or more flowering axes at 
the same development stage to share an axil. This is here treated 
as reiteration of the FSS and is diagnostic of this pattern. Thus, 
this reiteration, and delayed accessory flower/axis, exclusively ob
served in the racemiform pattern, are interpreted as analogous 
strategies for increasing the number of available flowers. The 
‘Eugenia moschata group’ does not follow this pattern (Fig. 7— 
clade b) as discussed below.

The switch from the auxotelic to the thyrsoid development pat
tern is associated with increased transition rates (Fig. 6) as a con
sequence of a shared primary racemose arrangement. This 
supports the hypothesis that second-order branching of the thyr
soid inflorescence is homologous to a flower of the HAA, and that 
further orders result from vigorous branching potential ex
pressed as successive subtending bracteoles. Although the 
main axis is terminated by a flower, the determinacy of the 
apex is not relevant to the assigned branching pattern (Endress 
2010). This is reinforced by the enormous numbers of parallel ori
gins of the terminal flower among angiosperms (Bull-Hereñu and 
Claßen-Bockhoff 2011).

Systematic implication of the 
inflorescence patterns
The auxotelic pattern is commonly found in infrageneric groups 
such as Eugenia sect. Phyllocalyx and sect. Speciosae (Fig. 7). 
However, this pattern also occurs in other lineages of Eugenia 
as demonstrated by recurrent transitions from auxotelic to any 
pattern (Fig. 6). A combination of additional morphological char
acters should be used to consistently diagnose these sections 
(Bünger et al. 2016a, 2016b). The auxotelic cataphylls pattern 
was recovered independently at least seven times (see 
Supplementary Figure S1) in earlier diverging lineages such as 

Eugenia sect. Hexachlamys, sect. Pilothecium, sect. Eugenia, 
and sect. Pseudeugenia. These sections have significant diversity 
in the Brazilian Cerrado (Mazine et al. 2016, 2018), a warmer and 
dryer environment compared to Atlantic Forest, suggesting a 
possible correlation between the auxotelic cataphylls pattern 
and the environment.

Racemiform pattern originated around 9.5 Mya, coinciding 
with the diversification of Eugenia sect. Racemosae (Mazine 
et al. 2018). The racemiform pattern is consistently associated 
with Eugenia sect. Racemosae and has been defined based on 
the relative length ratio between the pedicel and flower interno
des (Mazine et al. 2016). Additionally, an accessory flowering axis 
with delayed development (in contrast to the main axis) is exclu
sive to this section and can be consistently used for infrageneric 
diagnosis. Eugenia sect. Jossinia is represented by a thyrsoid in
florescence, with material studies demonstrating a combination 
of racemose and cymose arrangements in contrast to the racem
ose arrangements mostly found in neotropical species (Fig. 7). 
Inflorescence development studies focusing on the extra- 
neotropical species may indicate specific arrangements as cym
ose influencing migration events to other regions.

The relative length and number of the main axes that arise from 
an axil are shown to be systematically relevant to recognize clades 
within Eugenia sect. Umbellatae. The fasciculiform pattern assessed 
with the glomeruliform pattern is most commonly recovered in 
clades C, E, and F (Fig. 8). Additionally, in this pattern, the main 
axis does not develop vegetative tissue beyond the flowering re
gion. Conversely, an independent flowering axis that morphologic
ally resembles fasciculiform but never shares an axil with a 
flowering axis and often recovers the vegetative growth is coded 
as the auxotelic pattern recovered in clades A, D, and G (Fig. 8). 
The only exception within E. sect. Umbellatae is when an axil sim
ultaneously bears two or more flowering axes at the same develop
ment stage that then can recover the vegetative growth, as in the 
‘Eugenia moschata group’. This combination of features can help to 
diagnose this clade (Fig. 8, clade b).

Assessment of traditional terminology
This is the first attempt to integrate our current knowledge of the 
evolution of different inflorescence architectures in Eugenia 
within a single circumscription. The resulting system accounts 
for initial development as well as the flexible arrangements of 
mature inflorescences, creating more comparative and unified 
terminology. Terminology traditionally used in Myrtaceae relies 
on the definition of the most common arrangements in a given 
taxon based on mature material (e.g. Landrum and Kawasaki 
1997), treating flexibility in arrangement as exceptional (see 
Briggs and Johnson 1979). These ‘exceptions’ increase the possi
bilities of phenotype and hamper accuracy in applying termin
ology. Rather than seeking further definitions of arrangements 
or newly introducing terms, the results of this work improve ap
plication of the existing terminology.

The definition of the ‘auxotelic conflorescence’ by Briggs and 
Johnson (1979) relies on the capacity of the apex to recover vege
tative growth while axillary flowers (or flowering axes) emerge. 
The auxotelic and auxotelic cataphylls patterns are here de
scribed in greater detail, expanding the circumscription of the 
term auxotelic (see Table 2 and Supplementary Table S5). The 
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auxoletic/auxotelic cataphylls pattern is equivalent to the system 
of solitary flowers described by Landrum and Kawasaki (1997) in 
a broader perspective, a ‘proliferating synflorescence’ (Weberling 
1990) or ‘Stenocalyx type’ (McVaugh 1968, Barroso et al. 1991). 
Sometimes, the main axis expresses late proliferation by ceasing 
growth and later recovers the capacity to growth (see Prenner 
et al. 2009). Therefore, the auxotelic inflorescence can be ex
pressed early in the development of some species, as equivalent 
to the ‘solitary flower’ (sensu Landrum and Kawasaki 1997), or 
when it later recovers vegetative activity from a fasciculiform 
flowering axis. Assignment of an auxotelic inflorescence should 
be followed by an annotation of both these inflorescence ar
rangements in species where they simultaneously occur. 
Although the focus of the terminological assessment is on the ge
nus Eugenia, this expanded terminology for the auxotelic ar
rangement can be applied to other Myrtaceae.

The racemiform pattern is here associated with the term ra
ceme in order to best circumscribe its use. Raceme is suggested 
to be adopted in reference to Eugenia sect. Racemosae (sensu 
Mazine et al. 2016) since it can be consistently recognized based 
on the development and mature morphology as well as to ar
rangements that fit to the racemiform pattern here described. 
This term has been used to describe inflorescence arrangements 
of species from E. sect. Racemosae (Souza and Morim 2008, 
Mazine and Souza 2010).

The term ‘fascicle’ is used inconsistently in taxonomic litera
ture specific to Eugenia, commonly referring to an axillary flow
ering axis with a short main axis (e.g. Lourenço et al. 2013, 
Barrie et al. 2016). The length fluctuation of the main axis en
courages the use of terms such as raceme, short-raceme 
(Souza et al. 2015), fasciculiform (Sobral et al. 2012) or fascicu
late (Barrie et al. 2016), adding more confusion to the plethora 
of terminologies. Thus, fasciculiform term is here suggested to 
be adopted in allusion to the fasciculiform and glomeruliform 
patterns. Fasciculiform rather than fascicle should be used 
due to the flexible length of the main axis of the former. This 
is in contrast with the typological definition of the fascicle 
(e.g. Weberling 1988) as a raceme with a very short main axis 
that does not entirely fit into the Eugenia morphological 
span. Although the absence of pedicel impacts the ultimate fas
ciculiform floral display, results presented here suggest vari
ation of this nature can be more related to stochastic factors 
affecting populations than inheritance. The fasciculiform ar
rangement in nature can simultaneously express both sessile 
and pedicellate flowers (e.g. see E. neoglomerata—currently E. 
subglomerata—in Lima et al. 2015). Fasciculiform patterns 
where flowers are sessile often display two or more flowering 
axes (at the same development stage) sharing a node that never 
recovers the vegetative growth (see Eugenia subglomerata, 
Fig. 8, clade e). Alternatively, species with sessile flowers that 
exclusively display a single flowering axis per node and com
monly recover late vegetative growth fit the auxotelic pattern 
(see Eugenia verticillata, Fig. 8, clade g).

Umbelliform and umbel are recurrent in the taxonomic litera
ture (e.g. Sobral et al. 2012, Faria et al. 2015) but are mostly re
lated to fasciculiform arrangements with a very short main axis. 
The typological definition of umbel refers to a raceme with a 
compressed main axis (Weberling 1990), however, this is a gener
alist definition that cannot be accurately applied to Eugenia. 
Thus, it is here suggested that the term umbelliform should be 

referred to as the umbelliform pattern, where a very short main 
axis expresses a recurrent three-flowered arrangement. This pat
tern is apparently rare in Eugenia.

Thyrsoid, first employed by Briggs and Johnson (1979), has 
been used in the taxonomic literature in a conservative sense. 
Although the thyrsoid arrangement is flexible, its recognition is 
facilitated by the unique combination of the racemose branching 
pattern expressed in the first-order and cymose branching in fur
ther orders (Endress 2010). Metabotryoid (sensu Briggs and 
Johnson 1979) is treated as flexibility in the thyrsoid, an arrange
ment where the branching potential of the axil subtended by the 
bracteole ceases. We here suggest this term should be referred to 
as the thyrsoid pattern in neotropical Eugenia.

The dichasium is often referred to as an inflorescence in the 
Myrtaceae literature (McVaugh 1969, Faria et al. 2015). However, 
the dichasial arrangement is here recognized as a secondary 
architecture in the evolution of Eugenia, where the ancestral con
dition is shown to have likely been racemose. The dichasial ar
rangement is associated with the branching potential of the 
flower rather than with the FSS, i.e. additional flowers emerge 
from the bracteole axils. Thus, the dichasium in Eugenia common
ly referred to in taxonomic literature is better interpreted as an 
auxotelic inflorescence with dichasial arrangement and should 
be described accordingly.

Conclusions
This study integrates inflorescence development and architec
ture within an evolutionary framework for Myrtaceae, providing 
new insights into inflorescence evolution in the hyper-diverse ge
nus Eugenia. Previously overlooked features are shown to be 
relevant for systematics and taxonomy, supporting hypotheses 
of homology and highlighting that architectural flexibility is the 
rule rather than a fixed inflorescence model. Typological defini
tions should therefore incorporate developmental and evolu
tionary perspectives while remaining descriptive and practical. 
The use of terminology based on homologous inflorescence ar
rangements, complemented by detailed morphological descrip
tions, is recommended. Future studies on racemose branching 
patterns and on the mechanisms underlying architectural flexi
bility may clarify their role in species diversification and 
Neotropical evolution in Eugenia.
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